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ALTITUDE~WIND-TUNNEL INVESTIGATION OF A 3000-POUND-THRUST
AXTAT~FIOW TURBOJET ENGINE
V - FPERFORMANCE AND WINDMILIING DRAG CHARACTERISTICS

By Carl I.. Meyer and Harry E. Bloomer .

SUMMARY

An investigation has been conducted in the NACA Cleveland altil-
tude wind tumnel to evaluate the performance and windmilling drag
characteristics of an original and a modified turbojet engine of the
seme type. Data have been obtained at simulated altitudss—from 5000
to 45,000 feet, simulated flight Mach numbers from 0,09 to 1,08, and
engine speeds from 4000 to 12,500 rpym. Engine performance data are
presented for both engines to show the effects of altitude &t a
flight Mach number of 0.25 and of flight Mach number at an altitude
of 25,000 feet. Performance of the original and modified englnes ls
compared for a range of simulated flight conditions. The performance
deta are generalized to show the applicability of methods used to
egtimate performance at any altitude from date obtained at & given
altitude. Engine~-windmilling-speed and windmilling~drag data are
presented for a range of simulated flight conditions.

Performance variables depending upon fuel consumption that are
obtalned from date at one eltltude canmot be used to predict these
variables at other altltudes; however, thrust and ailr-flow values
can be predicted for a limited range of altitudes from data taken at
one altitude. The exhaust-nozzle-outlet total temperature increased
et high engine speeds as the altitude was raised, and decreased at
all engline speeds as the Flight Mach number was increased for a
limited range of flight Mach numbers. At engine speeds greater than
10,000 rpm, the specific fuel consumption based on net thrust was
not appreclably affected by changes in altitude from S000 to
35,000 feet, but was markedly increased by & further increase in
altitude to 45,000 feet, In general, the specific fuel consumption
based on net thrust Increased as the flight Mach nuwber was increased.
The net thruat at maximum engine speed for the modiflied engine was
3 to 20 percent greeter than that of the orlginal engline; the spe-
cific fuel consumption based on net thrust at meximum engine speed
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was comparable for the two engines. For an alrspeed of 500 miles
per hour at an asltitude of 25,000 feet, the windmilling drag was
approximately equal to 1l percent of the meximum net thrust at that
Flight condition,

INTRODUCTION

An Investigation has been conducted in the NACA Cleveland alti-
tude wind tumnel to evaluate the performance characteristlcs of an
original and a modified turbojJet engine of the same type. The main
components of the engines were similar except that the meodified
engine included changes made by the manufacturer to improve velocity
and temperature distributions within the engine. Data have been
obtained for a range of simulated altitudes and flight Mach numbers
throughout the operable range of engine speeds. IExtensive instru-
nmentation was installed in the engines to obtaln detalled information
on the individual components of the engines, as well as over-all
engine performance., Analyses of turbine performance, compressor per-
formance, combustion-chamber performance, and operational character-
latice are presented in referencea 1, 2, 3, and 4, respectively.

Engine performance date are presented hereln to show the effects
of altitude at a flight Mach number of 0.25 and of flight Mach number
at an altitude of 25,000 feet. Performence of the criginal and
modifled engines 1s compared for a range of simulated flight condi-
tions, The applicabllity of methods used to generalize the data in
order to estimate the performance at various altltudes from perform-
ance data obtained at a given altlitude is discussed. Data are also
presented to show the effects of altltude and airspeed on engine
windmilling espeed and windmilllng drag.

DESCRIPTION OF ENGINE

The X24C-4B turbojet englne used 1n the altitude-wind-tunnel
investigation has a sea-level static thrust rating of 3000 pounds at
an engine speed of 12,500 rpm. A%t this rating, the air flow is
approximately 58.5 pounds per second and the fuel consumptlion 1is
3200 pounds per hour. The engine has an ll-siage axlal-flow com-
pressor with a pressure ratlio of approximately 3.8 at rated engine
speed, a double-annulus combustion chamber, a two-stage turbine, and
a fixed-area exhaust nozzle. The over-sll length of the engine 1=s

119% inches, the maximum diameter is 28% inches, and the total welight

ig 1150 pounds. The modified engine was simlilar to the original
engine except for minor changes made by the manufacturer in the com-~
pressor and the combustion chamber.
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Alr enters the englne through an annular inlet and passes into
the compressor through a single row of inlet gulde vanes. The com-
pressors of the original and modified engines were simllar with the
exception of the eleventh-stage rotor blading. For the modified
engine, the loading on the eleventh-stage rotor blades was reduced
in order {to obtain & more nearly uniform velocity distribution at
the compressor outlet. This reduced loading was accomplished by
twlsting the blades, in the direction of reduced angle of attack,
3° at the midspan and 6° at the tip. A more complete description of
the compressors is given in reference 2.

After being compressed, the air is discharged from the compres-
sor through two rows of stralghtening vanes and an ammular diffuser
into the double~annulus combustion chamber. Fuel is inJjected into
the two amnull of the combustlon chamber from two concentric fuel
manifolds. There are 36 fuel nozzles 1n the oubter manifold ring and
24 in the inner manifold ring. The fuel nozzles for the original

engine had a rated capacity of 7%‘ gallons per hour at a dlfferentlal

pressure of 100 pounds per square inch, as compared with 7 gallons

per hour for the modifled engine. The fusl used throughout the
investigation conformed to specification AN-F-28, Amendment 3. Alr
entering the combustlon chamber is divided into three annular
streams by the two concentric fuel manifolds. For the original
engine, a screen having 60-percent blocking area was installed in
the outer amnular alr stream and one of 40-percent blocking area

was lnstalled in the intermedlate ammular alr stream. For the modi-
fied engine, these screens were replaced by two screens of 30-percent
blocking aresa.

The double-annulus combustion chamber (reference 3) is of the

'step type. Steps 1 and 2 admit primary air through small circular

wall perforations, For the original engine, secondary air entered
the combustion chamber through rows of circular holes in steps 3
and 4. For the modifled engine, secondary air entered the combus-
tlon chamber through a single row of large rectangular holes in
step 3. The total area of the combustion-chamber-wall perforations
was ‘the same for the original and modified engines.

Gases from the combustlion chamber flow through the two-stage
turbine into the tall plpe and exhaust through a fixed-ares exhaust
nozzle. Xach turblne stage conslsts of a stator and a rotor. The
turbine rotor assembly includes the shaft and the first- and
second~stage dlsks. A more complete description of the turbine,
which was similar for the originel and modified englnes, is glven
in ref'erence 1.

cennile
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As a reault of the various changes included in the modified .

engine, the manufacturer ralsed the allowable operating temperature

limit for this engine. The maximum temperature, as indicated by

any thermocouple at the turbine outlet, was limited to 1250° F for

the original engine as compared wita 1400° F for the modified engine.’

The engine modifications and the revised temperature limit permitted °

e reduction in exhaust-nozzle-outlet area from 183 square inches

for the original engine to 171 square inches for the modified engine,’

—

826 .

INSTALTATION AND FROCEDURE

The engines were installed in a wing nacelle in the test sec~
tion of the altitude wind tumnel (fig. 1). For this installation,
an extended inlet duct 5 feet long and an extended taill pipe 3 feet
long were used. Cowling was eliminated from around the engine.
Instrumentation was lnstalled at several stetions in the engine
(fig. 2). The instrumentation installed in the originsl and modi-
fied englines was the same except at the turbine outlet, where addl-
tional thermocouples were lnstalled for the modified engine to give
a more complete temperature survey. .

Inlet pressures corresponding to the desired flight Mach num-
bers werse obtained by introducing dry refrigerated alr from the .
tunnel make-up air system through a duct to the englne lnlet., This
alr was throttled from approximstely sea-level pregsure to the
desired total pressure at the compressor inlet; the static pressure
in the wind-tumnel test section wes malntained at the pressure
corresponding to the desired mltitude, The duct from the tunnel
make-up alr system was attached to the englne inlet duct by means
of a allp Joint with a labyrinth seal in order that drag and thrust
values could be determined by use of the tumnel balence scales.

Engine performance data were obtalned at simulated altlitudes
from S000 to 45,000 feet, simulated flight Mach numbers from 0.09
to 1.08, ahd engine speeds from idling speed (4000 rpm) to rated
speed (12,500 rpm). The compressor-inlet air temperatures wsre
held at approximately NACA standard values corresponding to the
gimulated flight conditiomns, except at high altitudes and low
flight Mach numbers; no inlet-air temperatures below 440° R were
obtalned. At the high altitudes, the maximm engine speed was
limited by the turblne-outlet temperature and minimum engine speed
was limlted by combusilon blow=-out.,

Thrust was determined by calculation from tunnel balance-scale -
measurements and also by calculation from pressure ami tempersture



928

NACA RM No. ESB26 PV 5

messurements obtained et the exhaust-nozzle outlet (station 8).
Power-off drag runs were made in order to correct the balance-scale
nmeasurements for extermal-dreg forces. The values of thrust pre-
sented herein were obtalned from measurements made with the tunnel
balance scales. Ailr flow was calculated from pressure and tempers-
ture measurements obtained at the engine inlet (station 1). Com-
plete rem-pressure recovery was assumed at the compressor inlet In
the calculation of equivelent airspeed and flight Mach number. The
symbols and the methods of calculation used in this report are pre-
sented in the appendix,

RESULTS AND DISCUSSION

Because no inlet-alr temperatures below 440° R were obtained,
the equivalent ambient statlc temperatures were conslidersbly above
the standard values at high altitudes and low flight Mach numbers.
The various altlitude performance date presented in this report have
been corrected to the standard altitude temperatures by use of the
factor 645, the ratio of absolute amblent static temperature to

absolute amblent static temperature of NACA standard atmosphere at
the respective altitude, DPerformance data corrected by this method
may be somewhat different from data obtained under actual conditlions
because of the effect of Reynolds number on compressor performance.

An examinatlon of the date has shown that the average ratio of
the Jet thrust calculated from tunnel balance-scale measurements to
the Jeot thrust calculated from temperature and pressure measurements
obtained at the exhaust-nozzle outlet was 0,987 for the original
engine and 0.976 for the modlfied engine. The values of thrust pre-
gented in this report were calculated from balance-scale measure-
ments except for those instances where the aforementioned Jet-thrust
ratlo devliated considerably from the respective average ratio,

Where this deviation was encowntered, the specific fuel consumption
based on balance-scale measurements of net thrust was inconsistent
and, therefore, the Jet thrust was teken as the product of the Jet-
thrust ratio and the Jet thrust calculated from measurements at the
exhaust-nozzle outlet. Net thrust, presented in the following
discussion, was determined by subtracting the inltlal free-stream
momentum of the lnlet air from the Jet thrust.

Engline Performance

Effect of altitude., - Performance data obtained with both engines
at a constant flight Mach number of 0.25 at altitudes from S000 to

e
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45,000 feet are presented to show the effect of altitude on the
varistion with engine speed of net thrust (fig. 3), air flow

(fig. 4), fusl consumption (fig. 5), specific fuel consumption based
on net thrust (fig. 6), fuel-air ratio (fig. 7), and exhaust-nozzle-
outlet total temperature (fig. 8). The tremnds of the performance
data for the original and modified engines are simllar.

At engine speeds greater than 10,000 rpm, the specific fuel
consumpbion based on net thrust (fig. 6) was not apprecisbly
affected by changes in altitude from 5000 to 35,000 feet, but was
markedly Increased when the altlitude was further ralsed to
45,000 feet. Fuel-air ratio (fig. 7) incressed as the altitude was
ralsed; the increase in fuel-eir ratio became more pronounced at
high altitudes., The minimum fuel-alr ratlo at each altitude
ocourred at an engine speed between 9000 and 10,000 rpm.

. The average total temperature measured at the exhaust-nozzle
outlet increased at high engine speeds as the altitude was ralsed
(fig. 8). For engine speeds below approximately 10,500 rmm,
increasing the altlitude to 25,000 feet decreased the exhaust-
nozzle-outlet total temperature. Increasing the altitude from
25,000 to 35,000 feet decreased the temperature at engine speeds
below 10,000 rpm for the origlnal engine and at engine speeds
between 8000 and 9500 rpm for the modified engine, A further
increase in altitude to 45,000 feet increased the temperature at
all engine speeds,

Effect of f£light Mach number. - Performence data obtained with
both engines at an altitude of 25,000 feet and flight Mach numbers
from 0.25 to 1,08 are presented to show the effect of flight Mach
number on the variation with engine speed of net thrust (fig. 9), alr
flow (fig. 10), fuel consumption (fig. 11), specific fuel comnsumption
based on net thrust (fig. 12), fuel-air ratio (fig. 13), and exhaust-
nozzle-outlet total temperature (fig. 14). In general, the perform-
ance trends of the orliginal and modifled englnes are aimilar,

Ralsing the flight Mach number from 0.25 to 0.53 decreased
the net thrust (fig. 9) throughout the entire range of engine speeds.
As the flight Mach number was increased beyond 0.53, the net thrust
decreased at low engine speeds and increased at high engine speeds.

As the flight Mach number was ralsed, the fuel consumption
(fig. 11) decreased at low engine speeds and increased at high engine
gpeeds, For the original engine, the specific fuel consumptlon based
on net thrust (fig. 12(a)) increased at all engine speeds asm the
flight Mach number was raised to 0.98, but vas, unaffected by a

826
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further increase 1ln flight Mach number to 1.08. For the modified
engine, the specific fuel consumption based on net thrust (fig. 12(b))
increased at all engine speeds as the flight Mach number was
increased to 1.08. For the original englune, raising the flight Mach
number reduced the fuel-ailr ratio (fig. 13(a)) throughout the range
of engine speeds. For the modified engine, raising the flight Mach
number to 0.87 reduced the fuel-ailr ratlio throughout the range of
engine speeds; however, a further increase in f£light Mach number to
1,08 resulted in increased fuel-air ratios at high engine speeds.,

At all engine speeds, for the original engine, the exhaust-
nozzle-outlet total temperature (fig. 1l4(a)) was reduced as the flight
Mach number wes increased to 0.98, but was not appreciably affected
by further increasing the flight Mach number to 1.08. For the modi-
fied engine, the exhaust-nozzle-outlet total temperature (fig. 14(b))
was reduced at all engine speeds as the flight Mach number was .
reised to 0.73; at high englne speeds, however, the temperature was
not appreclably affected as the flight Mach number was increased
from 0,73 to 0.87, but was increased by a& further increase in flight
Macgh number to 1.08,

Comparison of engines., -~ Maximum engine speed was either the
rated engine speed of 12,500 rpm or & temperature-limited engine
speed that was less than 12,500 rpm. The lnstrumentation installed
at the turbine outlet was different for the two englnes; 25 thermo-
couples were used ln determining the average turbline-outlet temper-
ature for the original engine as compared with 49 thermocouples for
the modiflied engine., The measured turbine-outlet temperatures of
the orlginal engine are considered to be lower than the actual tem-
peratures. For the purposes of this report, however, the
temperature-limited engine speed of the original engine is defined
as that engine speed at which the average turbine-outlet indicated
temperature was 1520° R, For the modified engine, the temperature-
limited engine speed is defined as that engline speed at which the
average turbine-inlet total temperature (calculated from turbine-
outlet total temperature by the method given in reference 1) is
18859 R. These average-temperature limits correspond approximately
to the maximum turbine-outlet temperature limits used when the
engines were in operatiom.

The performance of the original engine is compared with that
of the modlfied engine on the basls of the variation of net thrust
(fig. 15) and of specific fuel consumption based on net thrust
(fig. 18) with airspeed at maximum engine speed. The data of these
figures were obtained from figures 3, 6, 9, and 12, end from similar
additional figures. The maximum engine speed was 12,500 rpm at

oy
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altitudes of 5000 and 15,000 feet for the range of airspeeds inves-
tigated and at an altitude of 25,000 feet for alrspeeds greater than
approximately 365 miles per hour for the original engine and

420 mlles per hour for the modified englne. At the lower alrspeeds
at an altitude of 25,000 feet and for the range of alrspeeds inves-
tigated at altitudes of 35,000 and 45,000 feet, however, the maximum
engine speed was a temperature-limited engine speed less than

12,500 rmpm,

For the range of alrspeeds investlgated, the net thrust at max-
imum englne speed of the modified engine (fig. 15) was greater than
that of the original engine by 7 to 20 percent at an altitude of
15,000 feet, 5 to 14 percent at an altitude of 25,000 feet, approx-
imately 6 percent at an altitude of 35,000 feet, and 3 to 19 percent
at an altitude of 45,000 feet. As the airspeed was lncreased
within the range investigated, the difference between the net thrust
at maximm engine speed of the modiflied engine and that of the
original engine increased at altitudes of 15,000 and 25,000 feet,
was essentially unaffected at an sltitude of 35,000 feet, and
decreased at an altitude of 45,000 feet.

For the range of alrspeeds lnvestigated, the specific fuel
consumption based on net thrust for the modifled engine at maximum
englne speed (fig. 16) was equal to or less than that for the
original engine except at equivelent airspeeds greater than
600 miles per hour at an altitude of 25,000 feet and 275 miles per
hour at an altitude of 35,000 feet. In most cases, however, the
gpecific fuel consumption based on net thrust for the modifled
engine at maximun engine speed was within 2 percent of that for
the original engline.

Generallzed Performance

The altitude perfoxrmance data presented In figures 3 to 8 have
been generelized to standard sea~level conditions by use of the
factors © and 6. The generslized performance data are presented
in figures 17 through 22. The concepi of flow similarity and the
application of dimensional analysis has led to the development of
these factors with which data obtalned at several altitudes may be
generallzed. In the development of this method of genersllzetion,
the efflcienclies of the engline oomponents were considered to be
unaffected by changes in altitude, Any changes in component effi-
clencies therefore lessen the possibllity of gemeralizing data
obteined at different altitudes to a single curve.

X%
ool | | ‘
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Deta obtalned with both engines at a constant f£iight Mach num-
ber of 0.25 at altltudes from 5000 to 45,000 feet are compared to
show the effect of altitude on the corrected values of net thrust
(fig. 17), air flow (fig. 18), fuel consumption (fig. 19), specific
fuel consimption based on net thrust (fig. 20), fuel-air ratio
(f1g. 21), and exhaust-nozzle-outlet total temperature (fig. 22).

Net-thrust data (fig. 17) generalized to a single curve at
altitudes up to 25,000 feet for the range of corrected engine speeds
and at all altitudes at low corrected engine speeds. At high cor-
rected engine speeds, however, the corrected net thrust increased
as the altltude was raised sbove 25,000 feet. The alr-flow data
(fig. 18) generalized to & single curve for all engine speeds at
altitudes up to 15,000 feet for the orliginal englne and at altitudes
up to 25,000 feet for the modified engine; further increases in
altltude reduced the corrected alr flow &t all corrected engine
speeds,

Corrected fuel consumption (fig. 19), corrected specific fuel
consumption based on net thrust (fig. 20), corrected fuel-air
ratio (fig. 21), and corrected exhaust-nozzle-ocutlet total tempera-
ture (fig. 22) increased markedly as the altitude was ralsed.

Turbine, compressor, and combustlon efflclencles decreased
over most of the operating range of engine speeds as the altltude
wes ralsed (references 1, 2, and 3, respectively). Because of the
effect of altitude on compressor and turblne efficlencles, higher
corrected temperatures wilthin the engine were required as the
altitude was raised; the increase in corrected temperature as the
altitude was raised is shown in figure 22. Increased corrected
‘temperatures and corrected pressures within the engine caused the
corrected net thrust to lncrease at hlgh corrected englne speeds
as the altitude was ralsed above 25,000 feet. The decreased com-
ponent and combustion efficiencles, as the altitude was raised,
resulted in increased corrected fuel consumption and, consequently,
increased corrected fuel-alr ratios and corrected specific fuel
consunption based -on net thrust.

Performance variables depending upon fuel consumption that are
obtained from data at one altitude -cannot be used to predict these
variables at other altitudes. Thrust and air-flow velues, however,
can be predlcted for a limited range of altitudes from dsta obtained
at one altitude.

'} vl
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Windmilling Dreg

The variation of engline windmllling speed and windmilling drag
with alrspeed at altitudes from 5000 to 45,000 feet is shown Iin
fisure 23. The windmilling engine speed is essentlally unaffected
by chenges in altitude and varled almost linearly with alrepeed.
Windmilling drag, in general, increased as the airspeed was increased
and. decreased &8s the altlitude was raised., The windmilling engine
speed and drag of the two englnes are comparable.

The varlatlion of the ratlic of windmillling drag to net thrust
at maximum engine speed with alrspeed at an altitude of 25,000 feet
is shown Iin figure 24. The date of this figure were obtained from
figures 15 and 23. An examinstion of the data from other altitudes
hes shown that the ratio of windmilling drag to net thrust at max-
1mm engine speed is not appreciably affected by changes in altil-
tude within the range of alrspeeds investigated. The windmilling
drag 18 approximately equal to 1 percent of the net thrust at
maximum engline speed for an airspeed of 200 mlles per bour and
incresses to 1l percent at an airspeed of 500 mlles per howr.

SUMMARY OF RESULIS

An investigatlon of the performence of two turbojet englnes
of the same type in the Cleveland altlitude wind tunnel at altltudes
from S000 to 45,000 feet and flight Mach numbers frem 0.08 to 1.08
geve the following results:

l. Performance variables depending upon fuel consumption thatb
are obtained from data at one altitude cannot bhe used to predict
these variables at other altitudes; however, thrust and alr-flow
velues can be predicted for a limited range of altitudes from date
taken at one eltitude.

2. Increasing the altlitude raised the exhaust-nozzle-outlet
total tempereture at high englne speeds for both engines. For the
orliginal engine, the exhaust-nozzle-outlet total temperature was
lowered at all engine speeds by inoreases in flight Mach number to
0.98 and was unaffected by & further increase in flight Mach num-
ber to 1.08., For the modified engine, the exhaust-nozzle-ocutlet
total temperature was lowored at all englne speeds by increases in
flight Mach number to 0.73; however, at high engine speeds the
temperature was not appreclably affected as the flight Mach number
was incressed from 0.73 to 0.87 and was raised by a further lncrease
in flight Mach number to 1.08.

~nnlR—



928

NACA RM No. ESB26 . f ik

3. At englne speeds greater than 10,000 rpm, specific fuel con-
sunption based on net thrust was not appreciably affected when the
altitude was raised from 5000 to 35,000 feet, but was markedly
increased when the altlitude was further ralsed to 45,000 feet.

4. In general, the specific fuel consumption based on net
thrust increased as the flight Mach mumber was raised.

5. A camparison of original- and modifled-engine performence
data showed that the net thrust of the modified engine at maximum
engine speed wes 3 to 20 percent greater than that of the original
engine, In most cases, the specific fuel consumption based on net
thrust for the modifled engine at meximum engine speed was wlthin
2 percent of that for the original engine.

6, The windmllling ergine speed and drag of the two engines
are comperable. At an altitude of 25,000 feet, the windmllling
dreg is approximetely equal to 1 percent of the net thrust at max-
imum engine speed at an airspeed of 200 miles per hour as compared
with 11 percent at an alrspeed of 500 miles per hour,

Flight Propulsion Research Laboretory,
National Advisory Coammlttee for Aeronautics,
Cleveland, Ohlo.
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APPENDIX -~ CAILCULATIORS

Symbols

The following gymbols are used in this report:

crogs-sectional ares, sqg ft

thrust-scale reading, 1b

specific heat of gas at constant pressure, Btu/(1b)(°R)
external drag of installatlon, 1lb
windmilling drag, 1b-

Jet thrust, 1b

net thrust, 1b

fuel-alr ratio

acceleration of gravity, 32.2 ft/secd
mechanical equivalent of heat, 778 ft-1b/Btu
flight Mach number

engine speed, rpm

total pressure, lb/sq £t absolute

static pressure, 1lb/sg ft absolute

gas constant, 53.3 £t-1b/(1b)(°R)

total temperature, OR

indicated temperature, °R

statlic temperature, °R

velocity, £t /sec

air flow, 1b/sec

Collmg

826 |
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We

WfﬁFn

Subscripts:

0

X

fuel comsumption, 1b/hr

gpecific fuel consumption based on net thrust,
1b/(hr) (1b thrust)

ratio of specific heats

ratio of absolute amblent statlc pressure to absoluts
static pressure of NACA standard atmosphere at sea
level

ratio of ebsolute ambient static temperature to absolute

gtatic temperature of NACA standard atmosphere at sea
level

free air stream

engline-inlet duct at slip Joint
engine inlet

compressor inlet

exhsust-nozzle outlet

The data are generalized to NACA standard sea-level conditions
by the following parameters:

Fn/o

(£/a) /6
N/V®
Tg/6

(W v8) /B
We/(84/6)
We/(Fp4/6)

corrected net thrust, 1b

corrected fuel-air ratio

corrected‘enginé gspeed, rpm

corrected exhaust-nozzle-outlet total temperature, °R
corrected alr flow, 1lb/sec

corrected fuel consumption, 1b/hr

corrected speclific fuel consumption based on net thrust,
1b/(br)(1b thrust)
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Methods of Calculstion

Thrust. - Thrust was detexrmined by calculation from: (1) tunnel
balance-scale measurements, and (2) pressure and temperature measure-
ments obtalned at the exhaust-nozzle outlet (station 8). The thrust
values presented herein were obtalned by use of the first method.

Jet thrust was determined from balance-scale measurements by use of
the relation

)

Ve
F3=B+D+"§'Vx+Ax(Px"Po

Jdet thrust was determined from pressure and temperature measurements
obtained at the exhaust-nozzle outlet by use of the releation

g7t
27g Py 78

Net thrust was determined from halance-scale measurements by use of
the relation

wa
Fn=FJ—-EVO

Windmilling drag. - Windmllling drag was determined from
balance-soale measurements by use of the relation

Ve,

Dw=-§-VO-FJ

Alr flow. - Engline alr flow was calculated from pressure and
temperature messurements obtained at the engine inlet (station 1) by
use of the relatlon

71‘1

4
. =p-lA1 ZchP ﬁ 1 .
a R tl Pl

Temperatures., - Engine-inlet and exhaust-nozzle-outlet temper-
atures were calculated fyrom the indicated temperature, using a
thermocouple recovery factor of 0.85, and respective values of
pressure, temperature, and ratio of specific heats:

cORE,

826
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The equlvalent amblent static temperature was determined from
the relation

t =

T

72"1

Alrspeed. - The alrspeed was determined (assuming complete ram-
pressure recovery) from the relation

e
P, 72

Plight Mach number. ~ The flight Mach number was determined
(assuming complete ram-pressure recovery) from the equation

Zzt
7
721 \%o
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Fuel consumption, We, 1b/hr
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Specific fuel consumption based on net thrust, Wf/Fn, 1b/(br)(1b thrust)
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sumption based on net thrust with engine speed, Flight Mach

rmumber, 0,25,



NACA RM No. E8B26 - -] 27

Altitude
(£+)
= o 15,000
g O 25,000
® A 35,000
a v 45,000
2.4 \
k|
g |
el
; ||
T 2.2
3 \
&4
=
§ W
g
g 2.0
P
FL]
8
5 \
(o]
o 1.8 \
o0
n
o
<
=
3
3 1.6
[=N
: \
a
3 \
~ v
g 1.4 N
& \
3 - A
G~
L)
o
g‘ i.2 \o
1,0
6 8 10 12 14 x10°

Engine speed, N, rpm
{(b) Modified engine,

Pigure 6, — Concluded, Effect of altitude on variation of specific
fuel consumption based on net thrust with englne speed, Flight

Mach number, 0,25.
-



28

Fuel-air ratio, f/a
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Exhaust-nozzle~outlet total temperature, Tg, °R
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Figure 8, — Effect of altitude on variatlon of exhaust-nozzle~-

outlet total temperature with engine speed, Flight Mach
number, 0,25,
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Exhaust~nozzle—outlet total temperaturs, Tg, °R
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exhaust-nozzle—~outlet total temperature with engine speed,
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Flgure 9, —~ Effect of flight Mach number on variation of net

thrust with engine speed, Altitude, 25,000 feet,
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Air flow, W,, 1b/sec
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Figure 10, -~ Effect of flight Mach number on varlation of air
flow with engins speed, Altitude, 25,000 feet,
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Fuel consumption, Wy, 1b/hr
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Figure 11, - Effsct of flight Mach number on varliation of fuel
consumption with engine speed, Altitude, 25,000 feet,
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Fuel consumption,.wf, 1b/hr
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Pigure 11, ~ Concluded. Effect of flight Mach number on
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Specific fuel consumption based on net thrust, Wf/Fn, 1b/(br)(1b thrust)
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Pigure 12, —~ Effect of flight Mach number on varlation of specific
fuel consumption based on net thrust with engine speed, Altitude,

25,000 feet,
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Specific fuel consumption based on net thrust, We/r , 1b/(hr)(1b thrust)
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Puel~air ratio, f/a
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Figure 13, — Effect of flight Mach number on variation of fuel-—
air ratio with engine speed, Altitude, 25,000 feet, .
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Exhaust-nozzle—outlet total temperature, Ty, OR
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Figure 14, — Effect of flight Mach number on variation of exhaust-nozzle—
outlet total temperature with engine speed, Altitude, 25,000 feet.
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Figure 14, = Concluded, Effect of flight Mach number on variation of exhauast-
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Specific fuel consumption based on net thrust, We/F,, 1b/(hr)(lb thrust)

_1

NACA RM No. E8B26 | cug—

Altikude -
(£t} -
1.2 Original
—__-F_—_ — HOdified
5,000
1.0
1.4
Lo
/‘/"—-’,——‘
1.2 /:f_,,a
15,000
1.0
1.4 :
,4.——’ k
1 _,.._q.-_..__.-.._
1.2 i -
25,p00
1.0
1.4
o — |
e "/”"} [ —1
//
1'2 _ _
P
35 IOOO
1,0
l.4
=] s ]
et —— }—
45,000
1,2

0o 100 200 300 . 400 500 600 700
Alrspeed, Vo, mph
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Corrected net thrust, F /8, 1b
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Corrected air flow, (W,N@)/0, 1b/sec
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Corrected fuel consumption, Wp/(64@), lb/hr
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Figure 19, — Effect of altitude on variation of corrected fuel consumption
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Corrected fuel consumption, We/(6\8), 1lb/hr
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Corrected specific fuel consumption based on net thrust, We/(F V&), 1b/(hr)(lb thrust)
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Figure 20, =~ Effect of altitude on variation of corrected specifilc
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Corrected specific fuel consumption based on net thrust, Wf/(Fdﬂﬁ), 1b/(hr)(1b thrust)
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Corrected fuel-air ratio, (f/a)/6
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corrected fuel-air ratio, (f/2)/6
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Corrected exhaust-nozzle-outlet total temperature, Ts/b, °R
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Figure 22, -~ Concluded, Effect of altitude on variation of

corrected exhaust-nozzle—outlet total temperature with
corrected engine speed, Flight Mach number, 0,25.




Engine windmilling speed, N, rpm

Windmilling drag, D, 1b
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Figure 23, — Concluded, Variation of engine windmilling spesd and windmlliling
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Windmilling drag/net thrust at maximum engine spood,. Dy/Py,

.24
Engine //
«20 Original
-——-Modified / \
A -
/
[ 16 / L,’,
L
/s
/
Y
«12 /7
S
.08
4
2
#,
Iy
I

‘/

- 04 /7
// — @7
o Q 100 £200 300 400 500 600 700 800

with alrspeed,

Alrapeed, V5, mph
Figure 24, ~ Variation of ratlo of windmilling drag to net thrust at maximum engine apoed

Altitude, 25,000 feet,
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